





a perfect imitation-EPROM 


Design by P Goossens 


EPROM Emulator 


As opposed to most other EPROM emulators, the design discussed in this 
article provides a virtually perfect imitation of a ‘real-life’ 27C256 device, 
which may be programmed in any programmer as well as inserted into 
the target system. 





An EPROM emulator is a useful if not indis- 
pensable tool if you are into developing soft- 
ware for a system employing an EPROM for 
storage of executable code or fixed data. Such 
a ‘programmable imitation EPROM’ obviates 
the need to erase an EPROM after any pro- 
gramming cycle, before the new (and hope- 
fully improved) program may be loaded into 
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the chip. Erasing an EPROM with 
the aid of UV light usually takes 
about 20 minutes, which, many of 
you will agree, is an annoyingly long 
time. If you want to test a new ver- 
sion of the software during those 20 
(long) minutes, a second EPROM 
may be useful, but the entire opera- 


tion is still cumbersome and tedious. 

Over time, many different EPROM 
emulators have appeared on the 
market. Elektor Electronics, too, has 
published a fair number of designs. 
In most, if not all, cases, these emu- 
lators are connected to the target cir- 
cuit (sometimes also called host cir- 
cuit) by way of a length of flatcable 
terminated in a DIP-style plug that 
can be inserted in an EPROM socket. 
The length of the ‘umbilical cord’ is 
limited to prevent a too high capaci- 
tive load on the data and address 
bus of the target system, or timing 
problems caused by pulse reflection 
on the cable. In practice, the con- 
nection between the EPROM emula- 
tor and the target circuit is often a 
source of headaches. 

A second, often neglected, disad- 
vantage of the traditional EPROM 
emulator is that it can not be pro- 
grammed using a normal EPROM 
programmer. Usually, programming 
such units requires a special pro- 
gram contained in the emulator soft- 
ware (and hopefully supplied with 
the kit). 

The emulator presented in this 
article goes off the beaten track and 
is not hindered by any of the above 
disadvantages. It can be pro- 
grammed in any old EPROM pro- 
grammer, and the complete unit may 
be plugged into the EPROM socket 
in the target circuit without any 
problems. 
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The EPROM 


An EPROM is normally programmed 
in a general-purpose EPROM pro- 
grammer. Most of these units first 
run a blank check on the chip you've 
inserted. This is done by reading all 
bytes in the EPROM to see if they 
are at FF. If one or more bytes are 
found with a different value, the 
EPROM is not empty and a suitable 
error report is produced. In many 
cases, no further action is possible 
until the entire chip is blank. Some 
programmers are capable of detect- 
ing the EPROM brand and type 
inserted into the programming 
socket. Once this information is 
(automatically) established, the rel- 
evant programming voltage(s) and 
programming algorithm are set up. 
Device recognition (if supported by 
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the chip manufacturer) is effected by 
applying +12 V to the A9 pin and 
then reading certain addresses from 
the EPROM. 

Once the programmer has estab- 
lished that the EPROM is empty, the 
actual programming sequence is 
allowed to begin. First, the EPROM 
is switched to programming mode 
by applying a relatively high voltage 
to the Vpp pin on the device. The 
level of the programming voltage 
depends on the EPROM type used, 
and lies between 12.5 V and 21 V. 
At the same time, the EPROM sup- 
ply voltage (at the V,, pin) is raised 
from +5 V to +6 V. If you are curi- 
ous to know how that is done in 
practice, look ahead at the top part 
of Figure 4. 

With the EPROM in programming 
mode, a logic Low at the CS (chip 
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Features 


— Emulates 27C256 EPROM 

— Suitable for programming with any pro- 
grammer supporting the 27C256 

— Electrical protection against reading of 
DEVICE-ID 

— Easy to erase 

— Compact 


— Easy to use 


select) input of the chip allows the signals 
applied to the datalines to be programmed at 
the location (address) pointed to by the 
address bus. A Low input level applied to the 
OE (output enable) input enables the con- 
tents of the current address to be read out. 
This is usually done immediately after pro- 
gramming a byte, to make sure the program- 
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Figure |. The circuit diagram of the EPROM emulator — exquisite simplicity. 
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ming operation was successful. If the verify 
returns ‘ok’ the next byte is programmed. 

The length of the programming pulse 
depends on the programming algorithm 
applied. The same goes for repetition of the 
programming cycle if the relevant byte was 
not successfully programmed. 

During normal use of the EPROM (V,, and 
Vec at 5 V), the device will respond ‘nor- 
mally’ to signals applied to the CS and OE 
pins. Only with both inputs activated (i.e., at 
logic Low) will the EPROM supply the data 
belonging with the address placed on the 
address bus. 


Practical Circuit 


The circuit diagram shown in Figure 1 com- 
prises relatively few components — three 
ICs, a voltage regulator, one FET and two 
indicator LEDs do the job. IC2 is not an inte- 
grated circuit but an assembly of two 14-way 
pinheaders that form the connections of the 
EPROM being emulated by the circuit. 

IC3, a RAM type 62C256, forms the heart 
of the circuit. Although a 70-ns version is 
specified in the parts list, a faster chip is, of 
course, also allowed. Slower versions, how- 
ever, are not recommended for use in this cir- 
cuit. 

IC4 is a GAL type 16V8 which has been 
programmed to supply a fair amount of (invis- 
ible) logic circuitry that ‘translates’ external 
signals to the ones required by IC3. This 
translation process requires the GAL to be 
connected to the EPROM socket via a few 
logic links, as well as to be provided with 
information as to the presence of an external 
voltage at the Voc pin, and a voltage greater 
than 12 V at the V,, pin. 

The combination R3-D3 affords protection 
of the GAL against higher voltages at the 
EPROM V,, pin. That is necessary because 
this voltage is usually raised to +6 V during 
programming. The circuit around transistor 
T1 detects the programming voltage at the 
Vpp Connection of the EPROM socket. Zener 
diode D1 starts to conduct if the program- 
ming voltage is present. The voltage at the 
gate of T1 is then high enough for the FET to 
be switched on. In combination with resistor 
R1, zener diode D1 lowers the voltage to 
about 7.5 V, thus ensuring that the FET 
remains securely switched off at a voltage of 
5 V at the Vpp terminal. 

IC5, then, acts as a buffer device between the 


Figure 2. JEDEC file listing of the GAL contents. 
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* IDENTIFICATION 


024066; 


*TYPE 


GAL16V8; 


*PINS 


% 


% 


Pin-assignment for input signals % 


EPVP =8, % Detection of 5V supply 

/EPVPP = 3, % Low active detection of VPP > 12V 
/EPOE = 1, % Input for /OE from EPROM-socket 
/EPCS = 2, % Input for /CS form EPROM-socket 
/SW1 =9, % Input for switch S1 

/SW2 = 11, % Input for switch S2 


Pin-assignment for output signals % 


/RAMCS.t = 15, % output for /CS of RAM IC3 
/RAMOE.t = 14, % output for /OE of RAM IC3 
/RAMWR.t = 13, % output for /WR of RAM IC3 
/BLANK.t = 16, % BLANK-state output for LED D5 
/PROGRAM.t = 17, % PROGRAM-detect output for LED D4 
/BUGATE.t = 19, % output for /G of buffer IC 5 
BUDIR.t = 18; % output for DIR of buffer IC 5 
* BOOLEAN-EQUATIONS 

RAMCS.e = VCC; % These lines make sure that all used 

RAMOE.e = VCC; % output-lines of the GAL are 

RAMWR.e = VCC; % constantly driven 

BLANK.e = VCC; 


dP AP AP AP AP 


PROGRAM.e = VCC; 
BUGATE.e = VCC; 
BUDIR.e = VCC; 


Switch to BLANK-state is S1 is pressed and hold this state 
Until the EPROM programmer wishes to program the EPROM 

OR the user wishes to switch to normal operation by pressing 
52 

This signal also drives LED D5 to indicate the BLANK-mode 
BLANK = BLANK*/PROGRAM*/SW2+SW1 ; 


Detection of a programming pulse to drive LED D4 
PROGRAM = EPVPP*EPCS*/EPOE; 


% CS for the RAM : 
% to CS on the ROM 
% Only active during presence of external power to save the 
% battery 

RAMCS= EPVPP*EPVP+/EPVPP*EPCS*EPVP; 


Continuous during programming, else equal 


% OE for the RAM : During programming if OE on the ROM is 
% active AND Cs of the ROM is inactive 
RAMOE= EPVPP*EPOE*/EPCS + /EPVPP*EPOE*/BLANK; 


WR for the RAM : During programming if ROM-OE is inactive 
AND ROM-CS is inactive, else if in BLANK-mode AND ROM-OE 
is active. This means that reading while in blank-mode 
causes the RAM to be written. Pull-ups make sure that the 
code 0xFF will be written 

RAMWR= EPVPP*EPCS*/EPOE + /EPVPP*BLANK*EPOE; 


dP AP dP AP AO 


% The DIR-signal for the 74HCT245. When this pin is active, 
% Data is transferred from the socket to the RAM-IC 

% Otherwise, the datapath is FROM the RAM to the socket 
BUDIR = EPVPP*/EPOE; 


The GATE-signal for the 74HCT245. If it is active (low) 
the drivers are active, otherwise the A and B pins are 
in High-Z state 


AP AP AP cP AP 


OxFF on the external databus during blank-check! 


oe 


BUGATE is only active when external power is supplied to 
% save power from the battery whenever the device is not 
% required to be active 


BUGATE=EPVP*EPVPP*EPOE + EPVP*EPVPP*EPCS 


*END 
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It has to be active even in the BLANK-mode, so it wil force 


+ EPVP* /EPVPP*EPOE; 


dP AP AP AP AP AO 


oe AP AP AP DO AP AP AO 


oe 


dP AP AP AP AP 


de oe 


dP AP AP AP AO 
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% 
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Figure 3. Signals in Blank mode. 


EPROM and the databus. This IC is 
necessary while the emulator is in 
‘Blank’ mode when it is exptected to 
supply the value FF at all times dur- 
ing a read command. The GAL 
arranges for the driver to be acti- 
vated in the direction B>A and the 
EPROM is not read (actually, a write 
command is given to the RAM IC, 
more about this further on). Because 
of the pull-up resistors inside R9, IC5 
sees only logic Ones at the B inputs, 
and faithfully copies these to the 
external databus. 

Some EPROM programmers are 
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Figure 4. Signals in Program mode. 
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equipped with pull-down resistors. 
That is why IC5 is included in the 
circuit, since without it the resis- 
tance value of R9, depending on the 
programmer, would have to be 
selected low enough to prevent the 
emulator acting as a significant (but 
unwanted) voltage source in the tar- 
get circuit. 

Switch S1 allows you to switch 
the EPROM emulator into Blank 
mode, while S2 needs to be actuated 
to manually leave this mode. 

Finally, there are the components 
around voltage regulator IC1. This is 
a standard 5-volt regulator that steps 
down the 9-V input voltage to 5 
volts required by the logic circuitry. 


The GAL 


Apart from IC3, the most important 
part of the circuit is the GAL chip. 
As already mentioned, it contains all 
logic circuitry we need to translate 
and format external signals so that 
they can be understood by the RAM 
chip. 

The JEDEC source file listing for 
the GAL is shown in Figure 2. 
Although an uncomplicated and 
modest bit of programming, the 
equivalent logic function of the GAL 
is the same as that offered by a 
rather more than a handful of ICs... 
which if used would make the pro- 
ject unwieldy. 

The GAL will operate in one of 
three modes: Blank, Normal and Pro- 
gram. Each of these modes requires 
the GAL to work in a different man- 
ner. The Blank and Normal modes 
may be selected manually by the 
user. By pressing S1 once, the GAL 
is configured for Blank mode. The 
contents of the emulator may then 
be erased by means of a blank check 
run by the programmer. This state is 
held until the user presses S82, or the 
programmer starts to program the 
emulator. 

Normal mode is selected by 
pressing S2 once. The emulator unit 
will hen behave like an ordinary 
27C256 EPROM. 

Program mode is automatically 
selected as soon as the programmer 
starts to program the emulator (Vpp 
raised to >12.5 volts). Once the pro- 
gramming is finished (Vpp dropped 
to +5 V), the emulator automatically 
returns to Normal mode. 


Blank mode 


This mode actually has two functions: mimic 
an empty (blank) EPROM and clearing the 
RAM IC. The signals used during Blank mode 
are shown in Figure 3. Most EPROM pro- 
grammers will check if the device is empty 
before programming it. The conclusion that 
the entire EPROM is empty is also employed 
to speed up the programming process. 
Because the programmer ‘knows’ that every 
address reads FF, it may safely skip all 
addresses that have to contain FF. This cuts 
down on programming time, although it does 
require the EPROM emulator to be ‘empty’ 
before it is programmed. 

The normal procedure to check if an 
EPROM is empty is to read all addresses and 
compare the resultant data against the value 
FF. To do so, your programmer will generate 
all possible addresses and generate a read 
pulse at each of them. These pulses may be 
used to clear the EPROM emulator memory. 
Each address is programmed by converting 
the read pulse from the programmer into a 
write pulse for the RAM IC. All datalines 
being pulled to +5 V via resistor array R9, 
IC3 is then filled with the value FF at all 
memory locations. 

At this point, the programmer has issued 
a read command and expects device data 
(preferably FF) to be placed on to the data- 
bus. This is arranged by buffer IC5. The DIR 
inputs remain Low, so the A signals are con- 
figured as outputs and the B signals, as 
inputs. The B signals, too, are connected to 
+5 V via resistor array R9, so the buffer IC 
will faithfully place the desired data (FF) on 
to the databus. 


Program mode 


The GAL monitors the signal EPV,,, to detect 
the presence of a programming voltage 
(2 12.5 mming mode. An EPROM being pro- 
grammed responds differently to the signals 
at CS and OE. Actually, in this state, these 
signals may be renamed to WR and RD. Also, 
there is no longer an additional signal avail- 
able to enable the EPROM to be selected. For- 
tunately, that is not necessary during pro- 
gramming, because there is no need for the 
EPROM to share the data bus and address 
bus with other memory devices. In this state, 
therefore, it appears as if the EPROM is per- 
manently selected — see also Figure 4. 
During a programming pulse, the buffer IC 
has to transfer the data from the programmer 
to the RAM (IC3). This is achieved by pulling 
the DIR signal logic High. During a read pulse 
(OE activated), the HC245 device has to 
buffer the data in the opposite direction. This 
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is arranged by the GAL pulling the DIR input 
logic Low. 


Normal mode 


The major signals with the circuit in Normal 
mode are shown in Figure 5. From the dia- 
gram it is clear that in this mode the GAL 
does not have to perform particularly difficult 
functions. 

The GAL is also responsible for automatic 
power reduction when the emulator is not in 
use. By means of R3 and D3, IC4 is able to 
detect the presence of an external supply 
voltage. If no external supply voltage is 
detected, IC5 and IC3 may be switched off. 
IC4 prevents the signals G and CS from being 
activated, effectively reducing the current 
consumption of the RAM and the buffer when 
the circuit is not used. A very useful feature 
indeed because our EPROM emulator is bat- 
tery-powered! 


COMPONENTS LIST 


Resistors: 

RI,R2,R5,R6 = 10kQ 

R3 = 33Q 

R4 = 100 

R7,R8 = 1kQ2 

R9 = 8-way SIL array 10kQ 


Capacitors: 
Cl-C4 = 100nF 


Semiconductors: 

DI = zener diode 7.5V 

D2,D3 = zener diode 4.7V 

D4 = LED, high-efficiency, yellow 

D5 = LED, high-efficiency, red 

TI = BS170 or BS107 

ICI = 78L05 

IC3 = 62256-70CP 

IC4 = GAL 16V89, programmed, order 
code 024066-31 (see Readers Services 
page) 

ICS = 74HCT245 


Miscellaneous: 

IC2 = 2? 14-way pinheader 

$1,S2 = pushbutton 

KI = 9V battery clip with leads 

PCB, order code 024066-1 (see Readers 
Services page) 

Disk, GAL JEDEC listing, order code 
024066-1 I 


PCB design and GAL listing also available as 
files from Free Downloads at 
www.elektor-electronics.co.uk 
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Figure 6 The unit is compact thanks to IC3 being mounted above IC4 and IC5. 
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Power supply 


The complete circuit is powered by 
a 9-volt battery. Purposely no provi- 
sion is made for the circuit to be 
powered from the +5-V supply pin of 
the EPROM. After all, the voltage at 
this pin may become +6 V during 
programming, which is not a healthy 
level for the ICs in the emulator. If 
you do want to employ this voltage, 
measures should be taken for it to be 
stabilised at +5 V. A DC-DC con- 
verter could be used for this pur- 
pose, but the disadvantages will 
always outweigh the benefits, 
mainly because the circuit becomes 
bulky and difficult to work with in 
practice. The battery can be elimi- 
nated anyway because the circuit is 
not permanently connected to an 
external power supply which would 
guarantee that the RAM contents 
are not lost or corrupted the instant 
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customary, it is best to start with the 
lower profile components (in this 
case, the horizontally mounted resis- 
tors). Then follow the other discrete 
parts, the integrated circuits and the 
pushbuttons. Two points are worth 
noting. The first concerns the emu- 
lator connections marked ‘IC2’. 
These consist of two rows of 14-way 
pinheaders whose pins have to pro- 
trude downwards, requiring the 
headers themselves to be soldered 
at the underside of the PCB, too. 
This is best done with the ICs 
already mounted. A further pint to 
note is that IC3 is mounted above 
IC4 and IC5. The latter two have to 
be soldered on to the board first, 
while IC3 is fitted with a raised 
socket. This is conveniently made 
from two 14-way pinheaders. As a 
matter of course, IC4 and IC5 are 
mounted without sockets, else IC3 
would require a second socket! By 
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the emulator is removed from the 
programmer and taken to the 
EPROM socket of the target system. 


Construction 


The artwork of the printed circuit 
board designed for the EPROM emu- 
lator is shown in Figure 6. The 
board allows the unit to be compact 
and easy to handle. Construction is 
easy by almost any standard. As 
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the way, note the position of IC3: 
viewed from above, it should be at 
the right-hand side of connectors for 
‘IC2’. 

Here are some more practical 
details. The holder for the 9-V bat- 
tery may be secured to IC3 using 
two-sided sticky tape to make the 
unit sturdy and compact. It may also 
be a good idea to file a away a small 
piece of PCB material to the left of 
diode D1 to make room for the lever 
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on the programmer's ZIF socket. In practice, 
however, we found that the lever had to be 
lifted ever so slightly to enable the circuit to 
be inserted into the socket. The above tip, 
may, therefore, not be applicable in all cases. 


Finally... 


With the board fully stuffed and the battery 
connected, the emulator is, in principle, ready 
for use. First, however, we recommend run- 
ning a few function tests. 

The operation of the GAL may be checked 
by pressing $1. LED D5 should light and go 
out again when S2 is pressed once more. 

Now insert the EPOM emulator into the IF 
socket of your programmer and then press S1. 
Run a Blank Check on the programmer. If 
everything works as it should, the program- 
mer should report an empty (blank) EPROM. 
Now press S2 to force the emulator into Nor- 
mal mode. Next, run another Blank Check on 
your programmer. This test should also be 
completed without problems, proving that 
each and every mem- 
ory location in the 
emulator RAM (IC3) 
contains the value FF. 

As a final test, we 
can check the pro- 
gramming. Choose an 
arbitrary programming 
file on the programmer 
and ‘burn’ it into (emu- 
lated) EPROM. LED D4 
should light. Next, run 
a Verify operation to 
see if the program- 
ming operation was 
successful. 

If a problem is 
encountered, carefully 
inspect the construc- 
tion of your emulator. 
Check the orientation 
of the ICs, diodes, etc., 
as well as the value of 
all components. Also 
inspect the solder 
joints for short-circuits 
and/or dry joints. 

One more tip: temporarily install a ZIF 
socket in the EPROM socket of the target cir- 
cuit. This allows the emulator unit to be 
inserted and removed as many times as nec- 
essary without the risk of bad contacts 
between target circuit and emulator. The 
cheaper brands of IC sockets which prolifer- 
ate in the hobby circuit these days are prone 
to developing contact problems when used 
more than two or three times. 

(024066-1) 
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